Iowa Science Teachers Journal
Volume 8

Number 1

Article 8

1970

Science Teachers' Knowledge of Sound Theory
Jerry Underfer
University of Toledo

Follow this and additional works at: https://scholarworks.uni.edu/istj
Part of the Science and Mathematics Education Commons

Let us know how access to this document benefits you
Copyright © Copyright 1970 by the Iowa Academy of Science
Recommended Citation
Underfer, Jerry (1970) "Science Teachers' Knowledge of Sound Theory," Iowa Science Teachers Journal:
Vol. 8 : No. 1 , Article 8.
Available at: https://scholarworks.uni.edu/istj/vol8/iss1/8

This Article is brought to you for free and open access by the Iowa Academy of Science at UNI ScholarWorks. It has
been accepted for inclusion in Iowa Science Teachers Journal by an authorized editor of UNI ScholarWorks. For
more information, please contact scholarworks@uni.edu.

Science Teachers' Knowledge of Sound Theory
JERRY U DERFER
Scieru;e Education
University of Toledo

J. W . Warren has written a book
recently which gives a critical review
of mistaken ideas which are conveyed
by physics textbooks and overlooked
by physics teachers. Although Warren doesn't consider the area of
sound to any extent, the situation
is analogous. As he
points out, errors
and
misleading
Underfer
material which are
published for years while books pass
through several editions gravely mislead students. 1
Many textbooks contain several
misprints and mistakes. Included under these categories are misplaced
dots or symbols in chemical formulas,
omitted numerical figures, and other
oversights by authors and printers.
Such errors are expected in first-edition textbooks, but it is amazing to
note that almost every high school
textbook or reference which includes
a section on sound or wave motion
has a misleading diagram or contains
a section on resonance in vibrating air

columns which is extremely ambiguous.
I-I ow has such material on w ave
motion been accepted year afrer
year? In a typical physics course, remember sound and wave motion are
usually included near the end of the
course. Generally, by this time the
teacher is pushed for time and he has
lost some of his enthusiasm for his
work. Consequently, sound and wave
motion get a somewhat superficial
treatment. This is accomplished by
making some reading assignments
with a few problems on such things
as velocity, frequency and wavelength relationships, velocity variations in different mediums, and interference. The stress ( or introduction) on these topics is fine, but
what happens to the section on resonance in vibrating air columns ( the
basis of all wind and brass instruments ) ? A very stimulating laboratory
experiment is usually utilized in
which the students take a tuning fork
and hold it over a cylinder which has
one end immersed in water so that
the length can be conveniently adjusted so that the tone from the tuning fork is intensified at characteristic
distances for each tone. Apparently,
l J. W . Warren, Misconceptions Typically
neither
the teachers nor the students
Found in Science Books, 1964, Rand Mctry to figure out what causes this reNally.
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inforcement, because if they did, the
text explanations would have thoroughly confused them. The dilemma
is further intensified by the fact that
sound is generally introduced as a
varying pressure phenomenon, then
all of a sudden displacement curves
are utilized to locate the nodes in
these vibrating air columns. A more
detailed analysis of this situation as
well as some examples of other obvious errors are included in an article
by the author "Misconceptions About
Resonance in Vibrating Air Columns."2
Why has this material been included in books for all these years?
Evidently the authorities in the area
of sound and acoustics are not concerned with the elementary aspects
and their treatment in general books.
On the other hand, the textbook authors probably never had a course in
acoustics and have relied on common
sense and explanations in other textbooks when they wrote a unit on
sound. The approach allows the author to make a valiant attempt at
writing the section on sound, but
their weaknesses are revealed in the
abovementioned examples. When you
consider the fact that a textbook author has to write on so many different
areas in his book, it is obvious that he
is not going to be an expert in each
area; however, none of the authors
seems to be strong in acoustics backgrounds. Some authors apparently realized their inability to handle the
sections on resonance in vibrating air
columns and completely excluded ex-

planations of the phenomenon. Reference books dedicated to sound seem
to contain more erroneous diagrams
on graphical representations and just
as many ambiguous explanations.3
How these persons could make such
mistakes and yet be considered experts in the area of sound remains a
mystery to the author of this paper.
After analyzing most of the literature
available, the author decided to investigate how knowledgeable science
teachers were in this area.

Questionnaire Procedure
During the summer and fall of 1967
a questionnaire on graphical representations on sound phenomena was
administered to fifty-seven high
school science teachers. The teachers
cooperating in the survey were attending physics or earth science institutes at The University of Iowa, the
University of Minnesota, and Iowa
State University. The questionnaire
utilized illustrations and diagrams
which were similar to those found in
current physics books and references
on sound.
Over one-half of these teachers
taught physics and most of the others
taught one of the other physical sciences. The participants at the various
institutes were asked to answer four
questions ( the questionnaire is found
in appendix A). On this type of a
questionnaire, one could very easily
become discouraged and resort to
guessing without thoroughly studying
the situation. Therefore, those who
preferred not to take part in the sur-

2 J. L. Underfer, "Misconceptions About
Resonance in Vibrating Air Columns," The
Physics T eacher (February, 1966) , p. 81.

3 The reference which contained the most
erroneous material was sponsored by the
National Science Teachers Association.
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vey were instructed to leave the sheet
blank. This procedure allowed the investigator to obtain results from conscientious individuals and consequently to eliminate the chance of obtaining random results. Another attempt to reduce the possibility of
complete frustration was made in including four simple questions at the
end which were of little concern to
the investigator.
Table 1 shows the results obtained
in the survey. Obviously, the results
reveal that the teachers knew little or
nothing about the material included
in the questionnaire. But, what is
even more alarming, is that the totals
listed at the bottom of the table for
two or three correct responses are at
least one standard below what one
would expect when guessing.
These results could lead one to as-

sume one of two things: first, that the
answers are wrong or that the science
teacher's vague knowledge of the subject is a handicap to him. Regarding
the former, several articles have been
published by the author ( during the
past five years) alluding to this phenomena in physics and acoustical
journals and have not been challenged. They were personally reviewed by acoustical theorists before
publication. Therefore, the only valid
assumption is, that the misleading
and erroneous acoustical literature
printed for several years has perpetuated as much misunderstandings as it
has clarified. It has been encouraging
to note that, since the first critical article on this subject in 1966, new science books have been published with
sections on sound theory which are
more reliable.

Table 1
Questionnaire on Resonance in Vibrating Air Columns
Background
Number Correct ( %)
1

2

Hours of
Physics
0-10
4(14)
12(43)
2(20)
11-20
6(60)
20 or more
3(16)
9(47)
Science
Teaching Assignments
Physics
5(16)
15(48)
Physical Science
2(18)
5(46)
Other
5(10)
20(39)
Size of
High School
0-200
1(8)
8(50)
200-400
3(20)
7(47)
400 or more
5(19)
13(50)
Total
9(16)
28(49)
Percentages expected from random guessing would be:

4

3

0%

4%

2

1

0

22%

44%

30%
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0

12(43)
2(20)
7(37)

11(36)
4(36)
26(51)

7(42)
5(33)
8(31)
20(35)

( 100%)

APPENDIX A

Physics, Physical Science, and General Science Teachers
This study is being conducted as a continuation of a paper about sound theory
which will appear this fall in "The Physics Teacher." Your cooperation in filling out
this short questionnaire will be appreciated .
Physics Background

Teaching Assignments

Size of High School

0 hours
1-10 hours
_ _11-20 hours
_ _ 20ormore

_ _ Physics
_ _Physical Science
_ _General Science
_ _Biology
_ _Chemistry
_ _Other

0-200
- .- 200-400
_ _400 or more

(C)

1 . Which curve is the correct graphic representation of longitudinal
(S0uncl) wave?
A . Compression

7

'

Rarefaction

B.

\

Rarefaction
tarefaction
C. Both A and B.
2. The sine curves shown above are referred to as (pressure and displacement) curves in sound theory.
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(B)

3. Which of the following two sequences correctly illustrates how the
sound is produced by the tuning fork?
(The displacement of the prong below is highly exaggerated for illustrative purposes. ·•
- compressions,
11 - rarefactions)

B.

A.

7•- T· ~11
~11
+
~· +·

.-11

~

C.BothA&B.
(b)

4. At whicli location in the following diagram of a resonating air column
do the compressions of a reflected wave meet the rarefactions of the
direct wave? (and vice versa)?

ro

C. Both A &B

3/4 /\ Closed Tube
Name _ _ _ _ _ _ _ _ _ _ _ __
(Optional)

School _ _ _ _ _ _ _ _ _ __
(Optional)
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5. Of the following five pairs of tuning forks having the frequencies
shown, the pair that will produce the greatest number of beats is a.
b.
c.
d.
e.

128 and 135
200 and 212
256 and 264
428 and 432
565 and 566

6. If a tuning fork is vibrating at a constant frequency, what must
happen to the air temperature in order to increase the length of the
sound wave?
a.
b.
c.
d.
e.

It must increase.
It must remain constant.
It must fluctuate.

It must decrease .
The wave length is independent of the temperature of the air.

7. Two sounds, with the same wave length, traveling with the same
velocity, must be alike in what respect?
a.
b.
c.
d.
e.

amplitude
frequency
quality
intensity
none of the above

8. When several objects are vibrating at nearly the same frequency, the
loudest sound will be the one with the a.
b.
c.
d.
e.

longest wave length.
greatest number of overtones.
greatest amplitude.
greatest frequency.
greatest velocity.

er' s classroom.
You'll get a copy as soon as it's off
the press and orders should b e sent to
the address below :

The Oregon Science Teacher
The May, 1970, issue of TOST will
be devoted to science humor, and
will feature in excess of a hundred
'bits' of the bizarre, witty, irreverent,
burlesqued, parodied, and off-beat
side of science.
At a price of $1 per copy, postpaid,
it's a worthy item for a science teach-

Gene Doty
Hillsboro Sr. High School
Hillsboro, Oregon 97123
Checks should be made payable to:
Oregon Science Teachers Assn.
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